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Introduction
Since oil prices and exchange rates against the dollar both experienced long swings after the breakdown of Bretton Woods, the link between both quantities has attracted considerable interest from both policymakers and researchers. 1 In a nutshell, empirical research has provided evidence for two directions of causalities: A popular finding is that real exchange rates and real oil prices are cointegrated over the recent floating period. In this vein, shocks to real oil prices have been identified as a possible explanation for the non-stationarity of real exchange rates [Chaudhuri and Daniel, 1998 ].
In terms of dollar exchange rates, other studies have provided evidence for a real appreciation of the dollar in the case of an increase in real oil prices and, in addition, for an increase in the nominal price of oil as a result of a depreciation of the dollar [Yousefi and Wirjanto, 2004] .
However, although different relationships between oil prices and exchange rates have been identified, some important issues remain to be solved. Firstly, the question of causalities between oil prices and exchange rates has not been broadly examined in an unrestrictive fashion. This is due to the fact that many studies which provide evidence for one direction of causality have focused either on particular bilateral exchange rates or on effective exchange rate dynamics. A second caveat of previous studies stems from the possibility of nonlinearities in the relationship between exchange rates and oil prices.
Since different degrees of volatility and co-movements between oil prices and exchange rates vis-à-vis the dollar can be identified, it seems important to allow for structural changes when analyzing the corresponding long-run relationships [Breitenfellner and Crespo Cuaresma, 2008; Reboredo, 2012] .
Nonlinearities may also stem from major oil prices shocks triggered by exogenous factors. 2 Finally, surprisingly little attention has been paid to the dissection of nominal price and exchange rate effects when examining causalities between oil prices and exchange rates. For example, many studies, such as the recent work provided by Chen and Chen [2007] which conducts panel cointegration methods, have directly analyzed the relationship between real exchange rates and the real oil price. However, as known from the literature on purchasing power parity, such an approach applies symmetry restrictions with regard to prices and nominal exchange rates without putting the underlying dynamics under closer scrutiny [Sarno and Valente, 2006] . Moreover, due to a diverging degree of importance of a commodity such as oil for oil-exporting and oil-importing countries it makes much more sense analyzing the causality pattern for each economy separately instead of applying a panel approach which produces results based on an average of all individual economies.
Adopting a multivariate Markov-switching vector error correction model (MS-VECM) framework, this paper contributes to the literature to tackle those caveats. Firstly, our approach is unrestricted in the sense that it allows an analysis of the issue of causality between oil prices and exchange rate dynamics while distinguishing between short-and long-run dynamics. Secondly, we allow for time-varying causality patterns in terms of an error correction mechanism regarding deviations from a long-run equilibrium. This is a huge improvement compared with studies which rely on a linear specification. Finally, our framework also enables us to dissect the contribution of prices and nominal exchange rate dynamics to real exchange rate movements while investigating the causality on oil prices.
In addition, our analysis, which is based on an evaluation of twelve different exchange rates against the US dollar, also allows us to answer the question of whether a general pattern for oil-exporting or oil-importing countries can be observed or if the relative contribution of an oil price or exchange rate shock depends on the level of oil importance to the production sector of the national economy and the net position of the economy in the oil market. In a broader context, using a structural vector autoregression (SVAR) the study of Wang, Wu and Yang [2013] recently showed that the impact on stock markets to oil price shocks highly depends on whether the country is a net importer or exporter in the world oil market.
The remainder of this paper is organized as follows. The following section provides a brief description of theoretical considerations and summarizes previous empirical findings providing evidence for two ways of causlity. Section 3 describes our data and provides a description of and motivation for our empirical framework. Our results are presented and analyzed in Section 4. Section 5 concludes.
Theoretical considerations and review of the literature

Causalities running from oil prices to exchange rates
Various theoretical relationships between oil prices and exchange rates have been established in the literature, with causalities going in both directions. Two transmission channels of oil prices to exchange rates can be roughly distinguished: the 'terms of trade channel' and the 'wealth effect channel'.
The 'terms of trade channel' focuses on real exchange rates and was originally introduced by Amano and Van Norden [1998a,b] . Their basic approach may be illustrated as a simple two-economy model consisting of two sectors which produce tradable and nontradable goods, respectively:
where p T t and p N t correspond to the logarithm of prices for tradable and nontradable goods, respectively. p t indicates the logarithmic general price level and the foreign economy is always denoted by an asterisk. The weights α and α * give the corresponding expenditure shares on tradable goods [Chen and Chen, 2007] . Oil enters both production functions as an input factor while the price of nontradable goods is determined solely by labor costs.
In the original model, the real exchange rate is expressed in internal terms as the ratio between prices of tradable and nontradable goods in a small open economy with a relative increase in the price of tradable goods corresponding to a real depreciation of the domestic currency. Assuming that the tradable output price is fixed internationally, one can see that the price for nontradable goods determines the reaction of the real exchange rate [Bénassy-Quéré, Mignon and Penot, 2007] . If the nontradable sector is more dependent on oil than the tradable sector, the price of nontradable goods increases to a greater extent and the domestic currency experiences a real appreciation once the oil price increases. Expressed the other way around, a rise in oil prices results in a real depreciation in economies with large oil dependence in the tradable sector [Chen and Chen, 2007] . 3 This channel of transmission operates for oil-exporting economies, whereas movements in oil prices, by definition, dominate the terms of trade of industrialized economies [Backus and Crucini, 2000; Buetzer, Habib and Stracca, 2012] .
Turning to the more popular definition of the real exchange rate, in external terms the logarithm of the real exchange rate q t may be expressed as follows:
where s t corresponds to the logarithm of the nominal exchange rate. Substituting the price levels based on Equations (1) and (2) in Equation (3) gives
According to Equation (4), the dynamics stemming from an increase in oil prices become more complicated. Strictly speaking, a country with a greater increase in inflation experiences a real appreciation, a mechanism which mirrors the Balassa-Samuelson effect [Buetzer et al., 2012] . Under the assumption that the price of a tradable good is internationally fixed, and that α = α * , the reaction of the real exchange rate is then again determined by the relative oil-dependence of the tradable and nontradable sectors [Chen and Chen, 2007] .
The 'terms of trade channel' therefore works mainly through relative prices and may leave the nominal exchange rate unchanged. In Equation (4), purchasing power parity (PPP) is assumed to hold only for the price of tradable goods, with a relative rise in the price differential of tradable goods being matched by a proportional depreciation of the nominal exchange rate. However, the literature on the validity of PPP is not only extensive but controversial (see Sarno and Taylor [2002] for an overview).
Considering recent empirical results, which have delivered evidence in favor of a nonlinear PPP adjustment of nominal and real exchange rates based on exponential smooth transition regression (ESTR) models [Taylor, Peel and Sarno, 2001; Kilian and Taylor, 2003; Wu and Hu, 2009 ], a reasonable view would be that the price differential between two countries is important for the long-run path of the nominal exchange rate, although the relationship is not necessarily strictly proportional. 4 Hence, oil price shocks might also introduce changes in nominal exchange rates in the long-run, which are not proportional to the price differential. In our framework, consumer prices are used without distinguishing between tradable and nontradable goods. For reasons mentioned above, one can also expect the nominal exchange rate to react to changes in the price differential without expecting the real exchange rate remaining constant. To sum up, the overall effect on the real exchange rate depends on the nominal exchange rate response relative to the first-round impact of the rise in the relative price level. In terms of exchange rates against the US dollar, one would expect currencies of countries with large oil-dependence relative to the US to depreciate in real terms.
On the other hand, transmission through the 'wealth effect channel' emphasizes effects on the nominal exchange rate and focuses on the impact of oil price changes on international portfolio decisions and trade balances. Such frameworks have been provided, for instance, by Krugman [1983] and Golub [1983] , who adopt a three-country framework. According to this view, oil-exporting countries experience a wealth transfer if the oil price rises [Bénassy-Quéré et al., 2007] . In general, the effects on exchange rates depend on the portfolio choices of oil-importing and oil-exporting countries. Assuming that oil-exporting countries reinvest their revenues in US dollar assets, the dollar will appreciate in the short-run. However, the long-run reaction of the US dollar against other currencies is less clearcut and determined by the weight of oil in US total imports compared to the US weights in OPEC imports [Bénassy-Quéré et al., 2007; Coudert, Mignon and Penot, 2008] . Summing up the theoretical record, positive oil price shocks lead to a real appreciation (depreciation) of the exchange rates of oil-exporting (oil-importing) economies [Buetzer et al., 2012] .
As a next step, we turn to empirical findings referring to a causality running from oil prices to exchange rates. The relationship between the real oil price and real exchange rates against the US dollar has been analyzed for several countries in various studies covering diverse spans of data. Applying cointegration techniques, many authors have provided evidence of a real effective appreciation of the US dollar in the case of rising oil prices in the long-run [Amano and Van Norden, 1998b; Bénassy-Quéré et al., 2007; Coudert et al., 2008] . Clostermann and Schnatz [2000] focus on the real exchange rate of the dollar against the euro and also find indications of a real appreciation of the dollar in the case of a rise in real oil prices. However, evidence for the effect on the real effective exchange rates of other countries is less clear-cut. Habib and Kalamova [2007] do not find a long-run relationship between real effective exchange rates and oil prices for Norway and Saudi Arabia, but report evidence for a long-run real appreciation for Russia if oil prices rise. In an earlier study, Rautava [2004] also finds that the Russian economy is affected significantly by fluctuations in oil prices and the real exchange rate through both long-run equilibrium conditions as well as short-run impacts. Narayan, Narayan Beutler [2012] shows that commodity prices have forecasting power with regard to 'commodity currencies' (i.e. currencies of commodity exporters). Finally, the most recent study was provided by Buetzer et al. [2012] , who identify different shocks to real oil prices in a SVAR and find no evidence that the exchange rates of oil exporters systematically appreciate against those of oil importers.
Causalities running from (US dollar) exchange rates to oil prices
From a general point of view, a causality running from exchange rates to commodity prices can be derived using an asset-pricing approach of exchange rate determination which links the present exchange rate to the discounted sum of futures fundamentals. However, owing to the fact that fundamentals and exchange rates are jointly determined in equilibrium, convincing empirical support for this view has not yet been delivered [Chen, Rogoff and Rossi, 2008] .
A direct transmission from US dollar exchange rates to oil prices through changes in supply and demand stems from the exceptional role of the international dollar as a settlement currency. Abstracting from transaction costs, consider the following relationship between the logarithms of the oil price denominated in US dollar (o t ) and another currency (o * t ) based on the law of one price:
where s t again indicates the logarithm of the nominal exchange rate of a domestic currency against the US dollar (domestic currency per one unit of US dollar). If a commodity such as oil is denominated in US dollar, a domestic appreciation against the dollar lowers the price of oil measured in terms of the domestic currency, which increases demand and may result in a general rise in oil prices [Akram, 2009] . 5 In the following, this transmission channel is labeled as the 'denomination channel'. The impact on the supply side is not clear-cut. Positive effects may stem from an exchange rate-driven rise in the price of oil on drilling activities and production capacities, although the latter causality has changed over time. On the other hand, a depreciation of the domestic currency may reduce purchasing power and shift resources away from oil production, which would result in a decrease in supply [Coudert et al., 2008] . Although a direct distinction of this causality from the 'denomination channel' is not possible in our empirical framework, we will refer to this mechanism as the 'adjustment channel'.
In the following, we turn to empirical findings referring to a causality running from exchange rates to oil prices. Providing evidence for such causality, Cheng [2008] identifies an increase in the real (nominal) oil price as a response to a real (nominal) effective US dollar appreciation. Other studies also conclude that the causality runs mainly from dollar exchange rates to oil prices. Yousefi and Wirjanto [2004] analyze five OPEC countries and provide evidence that crude oil export prices respond positively to depreciations against the dollar for the purpose of stabilizing export revenues. Focusing on nominal effective US dollar exchange rates, Krichene [2005 Krichene [ , 2006 concludes that an appreciation of the nominal effective dollar exchange rate may lead to both an increase and a decrease in oil prices. Zhang, Fan, Tsai and Wei [2008] and only find a robust explanatory power for the short-run. However, other studies frequently find that commodity prices are weakly exogenous with respect to the exchange rate, a result which may mirror the fact that commodities are priced in competitive world markets [Buetzer et al., 2012] .
Nonlinearities and oil-exchange rate causalities
Although empirical research has provided evidence for different kinds of nonlinearity in analyzing exchange rates, this issue has mostly been neglected when putting the relationship between exchange rates and oil prices under closer scrutiny. An exception is the study by Akram [2004] , which supports the view of a nonlinear relationship between the value of the Norwegian krona and oil prices. In addition, Wang and Wu [2012] conduct linear as well as nonlinear Granger causality tests to put the causality between energy prices and US dollar exchange rates under closer scrutiny. Their results indicate that until the beginning of the financial crisis a linear causality running from petroleum prices to exchange rates and a nonlinear causality running from exchange rates to natural gas prices can be observed. For the period after the financial crisis, they find evidence for a nonlinear bidirectional causal relationship between petroleum prices and exchange rates and no causality between exchange rates and natural gas prices. They attribute nonlinear causality to a volatility spillover and a regime shift. Furthermore, Tiwari, Dar and Bhanja [2013] uncover linear and nonlinear causal relationships between the oil price and the real effective exchange rate of Indian rupee at higher time scales (lower frequency) using a wavelet based analysis, but they do not find any causality at the lower time scales. 6
However, besides Beckmann and Czudaj [2013b] , who focus on effective exchange rates rather then bilateral country pairs, most studies mentioned in the previous subsections base their analysis on a conventional linear vector error correction model (VECM), which provides stable long-run equilibrium relations between observed variables. In the spirit of Engle and Granger [1987] , these are allowed to depart from their equilibrium path in the short-run in response to random shocks, but those deviations are corrected in the long-run. The traditional methodology assumes that all parameters of the datagenerating process are fixed over the whole sample period. However, because of the above-mentioned frequent changes in the equilibrium relationships, which may for example stem from exogenous shocks, the parameter-constancy assumption seems to be too restrictive. Thus, we use an approach which allows some parameters to vary.
Turning to the choice of an adequate framework, the empirical literature roughly distinguishes between two kinds of nonlinear models. If the data is generated primarily by market forces, a threshold VECM where the regime variable is endogenous might adequately describe the dynamics [Balke and Fomby, 1997; Lo and Zivot, 2001; Hansen and Seo, 2002] by Teräsvirta [1994] , such a framework has the advantage that it does not require the specification of a particular variable that is held responsible for the switching between different regimes. Another benefit of the MS-VECM is that it allows the identification of potentially latent regimes in the data and helps to adequately specify the nonlinear dynamics between the variables.
The MS-VECM framework has been proven to be useful in cases where the data seems to be mainly driven by exogenous events. Against this background, it is not surprising that a large amount of research is based on the application of Markov-switching models. In a broad context, Francis and Owyang [2005] have conducted an MS-VECM approach while analyzing the long-run impacts of monetary policy of the US Fed allowing for state changes which in their view can help to explain the price puzzle. In their study the timing of switches to the 'high inflation expectations state' tends to be nearly synchronous with events such as recession and oil price shocks. Beckmann and Czudaj
[2013a] followed this methodology to examine the inflation hedging function of gold for the US, the UK, the Euro Area, and Japan while distinguishing between periods characterized by a slow as well as a fast adjustment of the price level to gold price changes. Moreover, Calza and Zaghini [2009] provide evidence for an error correction of the Euro Area M1 money demand with Markovian shifts.
In the context of exchange rates, Sarno and Valente [2006] demonstrate that allowing for regime-switching in the underlying data-generating process is an adequate characterization that is capable of capturing the impact of an either fixed or flexible exchange rate regime of the last century in France, Germany, Japan, and the UK on the dynamics of exchange rates and relative prices. Turning to the use of Markov-switching models in oil price literature from a broader perspective, Raymond and Rich [1997] have analyzed the relationship between oil price shocks and US business cycle fluctuations by the use of a generalized Markov-switching model. Lammerding et al. [2013] recently provided evidence for the existence of speculative bubbles in the price of oil by the use of a present-value oil price model in state-space form with Markovian shifts, which distinguish between two phases in the bubble process, i.e. one in which the oil price bubble is a stable process and one in which the bubble explodes. Cologni and Manera [2009] show asymmetric effects of oil price shocks on output growth by applying different Markov-switching autoregressive models for the G-7 countries. Reboredo [2010] applies Markov-switching models to show that oil price shocks have nonlinear effects on stock returns.
Finally, Balcilar and Ozdemir [2013] examine the causal linkage between oil futures price changes and a sub-grouping of S&P 500 stock index changes while using a Markov-switching vector autoregressive (MS-VAR) model.
Data and econometric methodology 3.1 Data
In our study we use a monthly dataset including the oil price (o) and the index of consumer prices We consider Brazil, Canada, Mexico, Norway, and Russia as the major oil-exporting countries as well as the Euro Area, India, Japan, South Africa, South Korea, Sweden, and the UK as oil-importing countries, and use their nominal exchange rates (e) against the US dollar (domestic currency per one unit of US dollar, i.e., an increase in the nominal exchange rate implies a depreciation of the domestic currency). Besides data availability, the country choice was also motivated by the relative importance of the exchange rate against the dollar. 7 Despite the UK being categorized as a crude oil importer, we bear in mind that its trade dependence on crude oil could be significantly different from other oil-importers due to its own oil-producing capacity. Generally speaking, the simple classification of oil exporters and oil importers may not be adequate with regard to the country-specific importexport structure of the economies under observation. However, the chosen distinction facilitates the interpretation of our findings and is sufficient for a comparison of previous empirical results. In addition, our approach treats all variables as endogenous, implying that each economy is examined in a similar fashion regardless of its classification. Table 1 summarizes our dataset and gives the sources. As is common practice, we take each series as natural logarithm in the following and display each series for the particular time horizon in Figures 2 and 3, respectively.
Figures 2 and 3 about here
In order to analyze the underlying long-run dynamics, it is important to assure the integration order of the time series under observation. In the present context, an important question is whether some variables, in particular prices, are integrated of order two, i.e. I(2). 10 By the application of the augmented Dickey-Fuller (ADF) test and the more powerful Ng-Perron MZ α test, we find that each series may be approximated as integrated of order one, i.e. I(1) [Dickey and Fuller, 1979; Ng and Perron, 2001] . 11 However, because the evidence is mixed in some cases, we have treated some prices in alternative specifications as I(2). The results did not change qualitatively in those cases. 12 Applying Lizardo and Mollick [2010] , and Wang et al. [2013] , who use a similar selection of countries. Due to data availability we have included more oil importers than exporters. We do not include two of the largest oil-exporting countries, Saudi Arabia and Iran, towing to the lack of reliable data. 8 For South Korea, we have considered two models, one starting in 1981 and one after the large depreciation in 1997:07. Since the findings are similar in terms of causality, these are only reported for the former case, where a shift dummy (D97) has been introduced in the long-run relationship to account for the depreciation in 1997:07.
9 Although the formal breakdown of Bretton Woods took place in 1973, some countries under observation pegged their currency against the dollar during 1973 but not at the beginning of 1974. 10 Juselius and MacDonald [2004] treat the real exchange rate as an I(1) variable in their analysis. For an analysis of PPP in an I(2) framework see Johansen, Juselius, Frydman and Goldberg [2010] .
11 We applied an auxiliary regression either with a constant or with a linear trend plus constant, since a graphical inspection shows that some of the series, especially the CPIs, may exhibit a time-dependent mean (see Figures 2 and  3) . 12 The results of the unit root tests and the alternative specifications are available upon request.
the nonlinear unit root test proposed by Kapetanios, Shin and Snell [2003] does not change the overall findings.
Empirical framework
In the following we use an MS-VECM to examine the relationship between price differentials, exchange rates, and world oil prices for the set of countries mentioned above. As noted in the previous section, the linkage between these variables was subject to many far reaching economic events as well as policy interventions over the last four decades, leading potentially to a state-dependent behavior of the adjustment to deviation from the long-run relations, which we expect to be captured appropriately by an MS-VECM. The development of traditional state-dependent time series models, on which the MS-VECM described here is based, goes back to the seminal works by Hamilton [1989] and Krolzig [1997] . As will be specified below, the parameters of an MS-VECM are designed to take a constant value in each regime and to shift discretely from one regime to the other with different switching probabilities. The switches between different states are not counted as deterministic occurrences, but are assumed to follow an exogenous stochastic process.
Thus the baseline framework is an M -regime vector autoregression (VAR) of order p + 1, which allows each parameter to be state-dependent:
where
is an 4 × 4 matrix lag polynomial of finite order p + 1 with
for |z| ≤ 1, ν(s t ) denominates a vector of regime-dependent intercept terms, and ε t describes a vector of error terms with regime-dependent variance-covariance matrix Σ(s t ), ε t ∼ N (0, Σ(s t )). The stochastic regime-generating process s t is assumed to follow an ergodic, homogenous, and irreducible first-order Markov chain with a finite number of regimes, s t ∈ {1, . . . , M}, and constant transition probabilities:
The first expression of Equation (8) gives the probability of switching from regime i to regime j at time t + 1, which is independent of the history of the process. p ij is the element in the ith row and the jth column of the M × M matrix of the transition probabilities P , which is usually not symmetric. The ergodicity assumption implies a stationary unconditional probability distribution of the regimes, the homogeneity assumption defines the transition probabilities to be constant, and, finally, the irreducibility assumption assures that any regime can be reached from any other regime [Beckmann and Czudaj, 2013a] .
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With the notion that Π(
with i = 1, . . . , p, Equation (6) can be rearranged to an M -regime pth order MS-VECM, which in general allows for regime shifts in the vector of intercept terms, the autoregressive part, the long-run matrix, and the variance-covariance matrix of the errors:
where Δ denotes the difference operator and μ(s t ) denominates a vector of regime-dependent intercept
the state-dependent short-run dynamics of the model.
The non-stationary behavior of the series is accounted for by a reduced rank (r < 4) restriction of the state-dependent 4 × 4 long-run level matrix Π(s t ), which can be fragmented into two 4 × r matrices α(s t ) and β such that Π(s t ) = α(s t )β . β gives the coefficients of the variables for the r long-run relations, which are assumed to be constant over the whole sample period, while α(s t ) contains the regime-dependent adjustment coefficients describing the reaction of each variable to disequilibria from the r long-run relations given by the r-dimensional vector β X t−1 . Thus, the most interesting part of our study is the speed with which deviations from the long-run equilibria are corrected, given by α(s t ).
In order, firstly, to identify the rank of Π(s t ), i.e. the number of cointegrating relations r, and to estimate the coefficients of the r cointegrating vectors in β , we rely on the standard framework developed by Johansen [1988 Johansen [ , 1991 . Then, conditional on these cointegrating vectors, the regimedependent adjustment parameters α(s t ), intercept terms μ(s t ), autoregressive coefficients Γ(L)(s t ), and variance-covariance matrix Σ(s t ), as well as the transition probabilities are all estimated using a Markov Chain Monte Carlo (MCMC) method, namely the multi-move iterative Gibbs sampling procedure proposed by Krolzig [1997] and described below. 13 This two-step framework is adopted from the work of Saikkonen [1992] as well as Saikkonen and Luukkonen [1997] , who showed that the Johansen procedure provides consistent estimates for the cointegrating vectors, even in the presence of regime-switching. 14 See Appendix for details.
When using MS models, an important issue is the identification of the appropriate configuration of the model. To tackle this issue, we apply the bottom-up technique suggested by Krolzig [1997] .
According to this approach, the most accurate characterization of the MS model can be achieved by restricting the effects of regime shifts on a particular set of parameters and testing the model against a supposedly unrestricted alternative. Therefore, we checked if the intercept terms, the autoregressive part, the variance-covariance matrix of the errors, and the adjustment coefficients of the VECM are state-dependent by applying several likelihood ratio (LR) tests, as proposed by Krolzig [1997] . The The null of no regime dependence of the particular parameters is tested; thus, a rejection is in favor of a less restrictive model specification, allowing either some or all parameters to switch. We also test for the most suitable number of regimes, applying the same procedure. To save space, we do not report the corresponding LR test statistics. However, these suggest that the two-state MS-VECM, which allows for regime dependence in the adjustment parameters α(s t ) and the variance-covariance matrix Σ(s t ) seems to be the most adequate specification of the relationship between prices, exchange rates, and world oil prices for each country under investigation in the next section.
As a check of adequacy, we also consider the regime classification measure (RCM ) suggested by Ang and Bekaert [2002] in order to examine the regime classification performance of Markov-switching models of varying specifications. The statistic is computed as follows:
wherep j,t denotes the smoothed probability for regime j and provides a degree of accuracy with which a model identifies regime switching behavior over the entire sample period or a particular sub-sample period. The regime variable is Bernoulli distributed and thus, the RCM corresponds to a sample estimator of its variance. It takes values between 0 and 100, with 0 representing a perfect regime classification performance and 100 denoting that the model fails to exhibit any information about the regime-dependence.
Empirical results
Model selection
In the following, we summarize the empirical findings for the economies under observation in two tables: Table 2 provides the results for oil-exporting countries, while Table 3 focuses on oil-importing countries. Tables 2 and 3 about here To identify an adequate setting for the deterministic components in each model, we follow the methodology of Juselius [2006] . Out of the five possible configurations, preliminary exclusion tests suggest that in most cases a deterministic trend should not be included into the cointegrating space. In those cases, we allow for deterministic trends in the data, but exclude them from the long-run relationships.
15 The regularity conditions for the test could be violated in some cases, leading to a distribution that differs from the χ 2 distribution. Nevertheless we rely on the asymptotic distribution following Sarno and Valente [2006] . Thus, the results of the LR tests should be interpreted with caution. For details related to the testing procedure and its asymptotics, see Krolzig [1997] . For a discussion of the problems regarding this technique, see Hansen [1992] and Garcia [1998] .
The choice of the lag length p of each MS-VECM setting is based on the Schwarz criterion and tests for autocorrelation effects, which are presented in Panel (c) of Tables 2 and 3 . According to Rahbek, Hansen and Dennis [2002] , the rank test results we gain in the following are still robust under the remaining ARCH effects in some cases. While excess kurtosis does not introduce a significant bias to the estimated cointegrating vectors, the findings are sensitive to excess skewness [Juselius and MacDonald, 2004; Juselius, 2006] . Because of the high skewness and kurtosis of some variables, dummies have been included in some cases. After introducing dummy variables to account for outliers, following the methodology described in Juselius [2006] , the rejection of the assumption of normality is due to excess kurtosis, so that our results are still reliable. The corresponding statistics are available upon request.
Having tested for the overall adequacy of the model framework, we proceed with the determination of the rank, that is, identifying the number of stationary long-run relationships. This is a crucial step in our analysis, since the results of restriction and validity tests as well as the reliability of the estimation depend on the right choice of the rank (r). To identify the number of cointegrating relations r, we rely on the trace test developed by Johansen [1988 Johansen [ , 1991 as mentioned above. Since US consumer prices and the price of oil are embedded in each configuration, we have tested for cointegration between both as a first step. The results, which are available upon request, suggest that a relationship between both quantities exists. Hence, we expect at least one long-run relationship for each configuration, since the results from subsystems should, from a theoretical point of view, continue to hold in larger systems [Juselius, 2006] .
The trace test statistics for the economies under observation are given in Panel (a) of Tables 2 and   3 . 16 For Brazil, Mexico, Russia, and South Africa, we pay special attention to the Bartlett-corrected trace test, which implements a small sample size correction due to comparably small sample sizes.
In a borderline case between two choices for the rank, we also considered the recursively generated trace test statistics, also available upon request. For Canada, India, Norway, and South Africa the findings suggest only one cointegrating relationship. For all other settings, the trace test indicates two long-run relationships as being the most adequate choice. As a next step, we put the results regarding the short-and the long-run dynamics under closer scrutiny. The estimated coefficients of each cointegrating relation are given in Panel (d), and the LR tests of the model restrictions, which imply in each case that our model cannot be rejected at the 10% level, are presented in Panel (b).
The regime-dependent parameters of our MS-VECM are estimated for each country by the Gibbs sampling technique mentioned above, and the corresponding results for the adjustment coefficients and the transition probabilities are displayed in Tables 2 and 3 , Panels (e) and (f), respectively. 16 The test statistic of the corresponding likelihood test, the so-called trace test, is given by trace(r) = −T 4 i=r+1 log(1− λi). Under the null of 4 − r unit roots, λi, i = r + 1, . . . , 4, should behave like random walks and the test statistic should be small. Starting with the hypothesis of full rank, the rank is determined by using a top-bottom procedure until the null cannot be rejected [Juselius, 2006] .
Results for oil-exporting countries
Starting with the findings for the oil-exporting countries, those for Brazil and Mexico display a similar pattern, with the first long-run relationship showing the relation between the domestic exchange rate and the price of oil, and the second relationship corresponding to the dynamics between the oil price and domestic as well as US prices. The first relation for Russia also links the exchange rate and the oil price, while the second relation gives a positive relationship between the oil price and US prices. For Russia and Brazil, an increase in oil prices is associated with a nominal appreciation of the domestic currency, while the opposite seems to hold in the case of Mexico. With regard to the second relation, the price differential of the domestic economy relative to the US increases, if the oil price rises for Mexico. Although strict proportionality between prices does not hold, a similar pattern can be observed for Brazil. In terms of real exchange rates, the stronger increase in domestic prices implies a real appreciation against the dollar. However, Russia seems to experience a real depreciation as a result of the positive link between the oil price and US consumer prices.
To explain the differing character of the long-run relationships and to analyze the issue of causality, a closer examination of the time-varying adjustment pattern is necessary. In the case of Brazil, the oil price adjusts to deviations from both long-run relationships in the first regime, since both adjustment coefficients are correctly signed and significant. The adjustment to the first cointegration relation, in particular, is in line with our considerations, based on the law of one price in Section 2.2: an appreciation of the domestic currency against the dollar lowers the domestic price of oil and increases prices through increasing demand, as suggested by the 'denomination channel'. However, in the second regime the oil price does not adjust to those errors, since both coefficients are insignificant.
Thus, regime 1 can be regarded as the oil-adjustment regime. In the Russian case, regime 1 emerges as the exchange rate adjustment regime, since the exchange rate adjusts significantly to deviations from the first cointegration vector. Domestic prices also show an adjustment pattern in both regimes.
The findings for the adjustment coefficients of Mexico display a greater complexity, since both the price for oil and the exchange rate adjust to the first relation in one regime. Both prices do also adjust to the second relation in the first regime.
Hence, Brazil seems to experience a real appreciation against the dollar as a result of both a nominal appreciation and a rise in relative prices. The results for Mexico and Russia are not clear-cut, as the reactions of the exchange rate and the price differential have contrary effects on the real exchange rate, because a nominal depreciation and an increase in relative domestic prices are observed. In the cases of Canada and Norway, the results are again more difficult to interpret, as the nominal exchange rate, consumer prices, and the oil price all enter the same long-run relationship. The findings for Canada display a long-run relationship between the price for oil, Canadian consumer prices, and the US dollar exchange rate. Since the oil price significantly adjusts in the first regime, this relationship may be related to the argumentation of the law of one price described in Equation (5), as an appreciation of the Canadian dollar coincides with an increase in the price of oil. This pattern is plausible, as the Canadian dollar is often labeled as the prime example of a commodity currency. In addition, Canada is one of the largest oil exporters to the US. In the case of Norway, the price differential of the domestic economy relative to the US is positively related to the oil price, implying a real appreciation of the domestic economy as a result of a rising oil price. However, the oil price and the exchange rate are positively related, which indicates that an increase in oil prices coincides with a nominal depreciation of the domestic currency. Similarly to the case of Mexico and Russia, the results are not clear-cut with respect to the real exchange rate.
Summing up, the findings provide some important insights, although an unambiguous pattern cannot be identified. Firstly, the results clearly demonstrate the need to account for nonlinearities, since the adjustment pattern significantly varies for each configuration. For Canada and Brazil, the findings clearly point to a causality from exchange rates to oil prices, in accordance with the 'denomination channel', or the law of one price, with a nominal depreciation of the dollar resulting in higher oil prices. The same result holds for Russia where the exchange rate adjusts. For Mexico and Norway, an increase in oil prices is related to a depreciation against the dollar. While identifying a clear causality pattern for Mexico is difficult, the relationship for Norway possibly mirrors a link between US prices and the oil price, with both quantities strongly adjusting to long-run errors. Our findings also highlight the importance of distinguishing nominal and real effects, since the link between oil prices and the real exchange rates is in many cases not clear-cut.
Results for oil-importing countries
Turning to the results for oil importers, the findings for South Africa are disappointing in the sense that neither the nominal exchange rate nor the oil price adjusts to the single long-run relationship, with only US prices showing adjustment. The results for the Euro Area are similar to those for Brazil and Canada in the sense that a domestic appreciation against the dollar leads to an increase in the oil price, since both quantities are inversely related and the oil price adjusts in the first regime.
Similarly to Brazil, the second relationship gives a positive relationship between the oil price and relative domestic prices, resulting in a real appreciation.
For the UK and Sweden, one relationship seems to link domestic prices, the oil price, and the exchange rate. While an increase in oil prices coincides with a nominal depreciation of the British pound, the opposite is true for the Swedish krona. Considering that the oil price is positively related to the relative domestic price differential according to the second relation for Sweden, the results indicate a real appreciation in this case. In the Swedish case, the oil price again significantly adjusts in the first regime, providing further evidence of an increase in oil prices as a result of a dollar depreciation, as suggested by the 'denomination channel'. With regard to the second relation, oil and consumer prices both adjust. For the UK, the exchange rate adjusts to deviations from the first relation in one regime while the second relation corresponds to both prices without including the exchange rate and the oil price. Hence, a direct link between the oil price and the price differential cannot be identified.
Finally, the first long-run relationship for Japan includes the yen/dollar exchange rate, the oil price, and the price differential. The price for oil is positively related to both the price differential of the UK relative to the US and the nominal exchange rate. Hence, an increase in the oil price unambiguously coincides with a real depreciation of the yen. According to the adjustment coefficients, both CPIs and the oil price are responsible for such a pattern. The second relationship excludes oil prices and the nominal exchange rates, displaying a stationary relationship between both prices. Finally, a direct relationship between the nominal exchange rate and the oil price is observed for both India and South Korea. While an increase in the oil price coincides with a depreciation of the Indian currency, the opposite pattern occurs for South Korea. The second long-run relationship for Korea mirrors a PPP relationship. For both economies, the exchange rate adjusts to this relation in both regimes, but with different speed. Oil prices do not show a significant adjustment mechanism.
Altogether, the results again do not provide a clear pattern. The main finding that oil prices actually adjust more often than exchange rates continues to hold. The effects of oil prices on real exchange rates are in most cases again not clear-cut.
Is there an unambiguous causality pattern?
For both importers and exporters, the transition probabilities are highly significant for almost every country and show that the regimes are generally persistent in each case. The smoothed probabilities shown in Figure 4 illustrate the reconstructed incidences of the first regime over the whole sample period by inferring the probabilities of the occurrence of the unobserved states conditional on the available information in the whole dataset [Krolzig, 2003] . For regime classification, Hamilton (1989) suggested the use of a probability of 0.5. Especially in the case of Brazil and Mexico it becomes evident that the above-mentioned adjustment patterns seem to be related to times of turbulence, for example until the mid-80s or during the global financial crisis. However, in 'normal times', which are unaffected by major shocks from historical events there seems to be less adjustment within our model. This is consistent with the evidence that the oil price, dollar exchange rates, and the CPIs are cointegrated, since within our MS-VECM framework larger deviations from the long-run equilibrium seem to be corrected. Tables 2 and 3 ). For most of the countries the value of the RCM statistic is fairly low and thus our models do not seem to be misspecified. The only exception is Russia, with a value near 100, which is also indicated by the series of smoothed probabilities shown in Figure 4 (first column, third row). These lie in the range between 0.4 and 0.6 for the whole sample period and thus do not clearly identify the regime.
Although our findings do not provide a clear distinction between oil exporters and importers, some general conclusions can be drawn. Firstly, the pattern for oil exporters seems to be more complex, since both exchange rate and the oil price significantly adjust to long-run deviations in the case of Mexico. This is not the case for oil importers where only one of both quantities reacts to long-run disequilibria. We have found a causality from dollar exchange rates to oil prices, which is in line with theory in four out of twelve cases in the sense that dollar depreciations trigger an increase in oil prices and exchange rates do not adjust. In contrast, the UK, Russia, India, and South Korea represent examples of where exchange rate adjustment, but no oil price adjustment is observed. Interestingly, a domestic depreciation is now also related to a decrease in the oil price. However, the adjustment pattern for the UK shows that the exchange rate adjusts in one regime while contributing to disequilibria in the second. In addition, the adjustment seems to be also driven by prices. Nevertheless, the remaining exchange rate effect may be explained by the 'wealth channel' introduced in Section 2. For India and South Korea as oil importers, these wealth effects are also important: the different effects on the exchange rate might be explained by their relative attractiveness for oil exporters compared to other economies. Over the analyzed sample, it seems reasonable to assume that investors have favored South Korea more compared to India. When analyzing the causality pattern for Mexico, we see that the exchange rate adjustment may also mirror an adjustment to the price differential, according to purchasing power parity. However, a clear conclusion with regard to the issue of causality according to the adjustment pattern is not possible. The findings for Japan suggest that the oil price contributes to the adjustment, with the identified relationship mainly displaying a link between consumer prices and the price of oil. For South Africa, both variables seem to be weakly exogenous, with only prices driving the adjustment.
Overall, a reasonable conclusion is that the causality in nominal terms frequently runs from exchange rates to oil prices. However, a direct causality from nominal oil prices to nominal exchange rates is observed for India, Russia, and South Korea. In addition, an indirect influence from oil prices may stem from an effect on consumer prices which triggers effects on the nominal exchange rates. If the price differential changes as a result of a change in oil prices, the real exchange rate also varies by definition. Theoretically, this effect should be offset by adjustments from the nominal exchange rate. However, as mentioned in Section 2, the overall record suggests that nominal exchange rate adjustment to deviations from the price differential of two economies is mostly observed if deviations are large. Furthermore, a strict version of PPP is frequently rejected. It is important to keep in mind that the dataset under investigation does not distinguish between tradable and non-tradable goods, with PPP not expected to hold for the latter. Hence, the 'terms of trade channel', which was introduced in Section 2 and suggests an impact of oil price shocks on real exchange rates through prices, may well explain the ambiguous result regarding the real exchange rate for some economies.
The argument of second round effects of the oil price on exchange rates may also be valid with regard to other macroeconomic fundamentals, which are linked to the exchange rate and react to oil price shocks. This mechanism may explain the results of Lizardo and Mollick [2010] and others in favor of incorporating the oil price into the monetary model of exchange rate determination.
An obvious question is why the results differ so much between the different currency pairs, since the nominal oil price and US prices, which are cointegrated in a bivariate system, are included in each configuration. In addition, similar results could be expected, since exchange rates are also known 20 to display a high degree of co-movements. A straightforward explanation is provided by Siklos and Granger [1997] in their concept of regime-sensitive cointegration: common stochastic trends that are responsible for a long-run relationship may only be present during specific sub-periods, similar to the time-varying adjustment incorporated into this paper. If we consider that this issue implies a larger degree of complexity for systems including several variables, our ambiguous results are not surprising.
Conclusion
Although the link between oil prices and dollar exchange rates has been frequently analyzed, previous research has generally neglected three important issues in this context. Firstly, the role of prices and nominal exchange rate movements has yet to be disentangled. Secondly, the direction of the underlying causalities has not been analyzed in depth. And finally, nonlinearities have only been considered in a minor number of studies.
Based on an MS-VECM, which is able to distinguish between long-run and time-varying short-run dynamics, this study has accounted for those shortcomings. Firstly, we have demonstrated that the adjustment pattern is time-varying for all country pairs under investigation, suggesting that nonlinearities are an important issue when analyzing oil prices. In terms of causality, the results differ between the economies under observation but suggest that the causality in nominal terms, which runs from dollar exchange rates to oil prices, possibly mirrors the the 'denomination' and the 'adjustment channel'. On the one hand, changes in nominal oil prices trigger real exchange rate effects, through the price differential as well as through a direct influence on the nominal exchange rate. If both effects are observed, these often express an ambiguous pattern for the real exchange rate. Overall, the results differ within the group of oil-exporters and oil-importers, and fail to exhibit a clear pattern. However, with respect to these conclusions, a possible caveat stems from the fact that we have analyzed different periods of time for some of the countries under observation. On the other hand, the results are not surprising, since the proposed theoretical frameworks are rather simple and apply various restrictions. At the same time, empirical research has shown that both exchange rates and the oil price are notoriously difficult to model. What we can say is that the pattern for oil exporters seems to be more complex, since both the exchange rate and the oil price adjust to long-run errors for Mexico. This is not the case for oil importers where only one of both variables adjusts, mostly with a varying degree between the two regimes.
Our study has also highlighted another issue: there may be little gain from focusing solely on real exchange rates and real oil prices. It is well established that the nominal exchange rate and the oil price fluctuate much stronger compared to prices. Price linkages may of course be important over the long-run and therefore interesting for policymakers; however, nominal exchange rates and the nominal oil prices are much more important when it comes to modeling short-run linkages and adjustment behavior.
Finally, it is important to keep in mind that exchange rates exhibit a high degree of co-movements.
21
In the context of oil prices, a global panel analysis for each sub-group (oil importers and exporters), which accounts for the existence of cross-sectional dependence, might therefore be an interesting research topic. However, since our aim was to compare results on a country base, we leave this task for further research. Another potential extension left for future research could be seen in the inclusion of further macroeconomic variables such as industrial production, money supply, or stock prices into our framework. See Filis [2010] and Basher, Haug and Sadorsky [2012] for a discussion on this issue. .005 (.263) .008 (.154) . −.009 (−1.286) .
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